Carbon-13 and nitrogen-15 nuclear-magnetic-resonance investigation on Desulfovibrio vulgaris flavodoxin.
Desulfovibrio vulgaris apoflavodoxin has been reconstituted with 15N and 13C-enriched riboflavin 5'-phosphate. For the first time all carbon atoms of the isoalloxazine ring of the protein-bound prosthetic group have been investigated. The reconstituted protein was studied in the oxidized and in the two-electron-reduced state. The results are interpreted in terms of specific interactions between the apoprotein and the prosthetic group, and the chemical structure of protein-bound FMN. In the oxidized state weak hydrogen bonds exist between the apoprotein and the N(5), N(3) and O(4 alpha) atoms of FMN. The N(1) and O(2 alpha) atoms of FMN form strong hydrogen bonds. The isoalloxazine ring of FMN is strongly polarized and the N(10) atom shows an increased sp2 hybridisation compared to that of free FMN in aqueous solution. The N(3)-H group is not accessible to bulk solvent, as deduced from the coupling constant of the N(3)-H group. In the reduced state the hydrogen bond pattern is similar to that in the oxidized state and in addition a strong hydrogen bond is observed between the N(5)-H group of FMN and the apoprotein. The reduced prosthetic group possesses a coplanar structure and is ionized. The N(3)-H and N(5)-H groups are not accessible to solvent water. Two-electron reduction of the protein leads to a large electron density increase in the benzene subnucleus of bound FMN compared to that in free FMN. The results are discussed in relation to the published crystallographic data on the protein.